The capacity of the flavan-3-ols [(-)-epicatechin (EC) and (+)-catechin (CT)] and a B dimeric procyanidin (DP-B) to modulate phorbol 12-myristate 13-acetate (PMA)-induced NF-κB activation in Jurkat T cells was investigated. The classic PMA-triggered increase in cell oxidants was prevented when cells were preincubated for 24 h with EC, CT, or DP-B (1.7-17.2 µM). PMA induced the phosphorylation of IKKβ and the subsequent degradation of IκBα: These events were inhibited in cells pretreated with the flavonoids. PMA induced a 4.6-fold increase in NF-κB nuclear binding activity in control cells. Pretreatment with EC, CT, or DP-B decreased PMA-induced NF-κB binding activity and the transactivation of the NF-κB-driven gene IL-2. EC, CT, and DP-B inhibited, in vitro, NF-κB binding to its DNA consensus sequence, but they had no effect on the binding activity of CREB or OCT-1. Thus, EC, CT, or DP-B can influence the immune response by modulating NF-κB activation. This modulation can occur at early (regulation of oxidant levels, IKK activation) as well as late (binding of NF-κB to DNA) stages of the NF-κB activation cascade. A model is presented for possible interactions between DP-B and NF-κB proteins, which could lead to the inhibition of NF-κB binding to κB sites.
Cell culture and incubations
Jurkat T cells were cultured in RPMI 1640 media supplemented with 10% fetal bovine serum (FBS) and an antibiotic and antimicotic (10 U/ml penicillin and 10 µg/ml streptomycin, respectively). Cells (1×10 6 cells/ml) were preincubated with 1.7-17.2 µM EC, CT, and DP-B for 24 h. The number of viable cells was measured by exclusion of the dye Trypan Blue. The exposure of cells to different concentrations of EC, CT, or DP-B for 24 h did not affect the number of viable cells (data not shown). Cells were subsequently incubated without or with 100 ng/ml PMA and harvested at 2.5-240 min after incubation.
Determination of cell EC, CT, and DP-B concentrations
After 24 h incubation with 1.7-17.2 µM EC, CT, or DP-B, cells (1×10 7 ) were collected by centrifugation at 800g for 10 min and washed once with phosphate-buffered saline (PBS) containing a 100-fold excess of CT (cells incubated in the presence of EC or DP-B) or EC (cells incubated in the presence of CT) and then washed twice with cold PBS. Total cell fractions were prepared as described below. For the isolation of the nuclei, the cell pellet was resuspended in 4 ml ice-cold 10 mM Tris-HCl buffer, pH 8.0, containing 0.32 M sucrose, 3 mM CaCl 2 , 2 mM MgCl 2 , 0.1 mM EDTA, 1 mM DTT, and 0.5% (v/v) Igepal. Cells were homogenized with a manual homogenizer. The suspension was added with 4 ml ice-cold 10 mM Tris-HCl buffer, pH 8.0, containing 2 M sucrose, 5 mM MgCl 2 , 0.1 mM EDTA, and 1 mM DTT, mixed and layered onto 4 ml of the same buffer. After 45 min of centrifugation at 30,000g in a swinging bucket rotor at 4°C, the supernatant fraction was removed and the nuclear pellet was resuspended in 50 mM Tris-HCl buffer, pH 7.5, containing 0.25 M sucrose, 25 mM KCl, and 5 mM MgCl 2 . The presence of intact nuclei in this fraction was verified by fluorescence microscopy of 4',6'-diamino-2-phenylindole, dihydrochloride-stained fractions (data not shown).
EC, CT, and DP-B were determined by HPLC (HP 1100 HPLC system) with a coularray detector (27, 28) . To evaluate the DNA content, samples were added with 50 µM propidium iodide. After incubating for 20 min at room temperature, the fluorescence (λ exc : 538, λ em : 590) was measured.
Electrophoretic mobility shift assay (EMSA)
Nuclear fractions were isolated as described previously (29, 30) . At the corresponding time points, cells were collected by centrifugation at 800g for 10 min, the pellet (6×10 6 cells) was resuspended in 200 µl of buffer A (10 mM HEPES, pH 7.9, 1.5 mM MgCl 2 , 10 mM KCl, 0.5 mM DTT, 0.1% Igepal), incubated for 10 min at 4°C, and centrifuged for 1 min at 12,000g. The supernatant fraction was discarded, and the nuclear pellets were resuspended in 60 µl of buffer B (10 mM HEPES, pH 7.9, 1.5 mM MgCl 2 , 420 mM NaCl, 0.5 mM DTT, 0.2 mM EDTA, 25% glycerol, 0.5 mM PMSF). Samples were incubated for 20 min at 4°C and centrifuged at 10,000g for 15 min at 4°C. The supernate was transferred to a new tube, protein concentration was determined by the method of Bradford (31) , and samples were stored at -80°C.
For the EMSA, the oligonucleotide containing the consensus sequence for NF-κB, OCT-1, or CREB was end labeled with [γ -32 P] ATP using T4 polynucleotide kinase and purified using Chroma Spin-10 columns. Samples were incubated with the labeled oligonucleotide (20,000-30,000 cpm) for 20 min at room temperature in 50 mM Tris-HCl buffer, pH 7.5, containing 20% glycerol, 5 mM MgCl 2 , 2.5 mM EDTA, 2.5 mM DTT, 250 mM NaCl, and 0.25 mg/ml poly(dIdC). The possibility that the flavonoids EC, CT, and DP-B could act in part by inhibiting the binding of the active dimer to the NF-κB consensus sequence was tested. Before the addition of the labeled nucleotide, nuclear fractions from cells treated only with PMA were incubated in the presence of varying concentrations of EC, CT, or DP-B (0.1-200 nM) for 30 min. The labeled oligonucleotide was added, and the incubation was done as described above. The products were separated by electrophoresis in a 4% nondenaturing polyacrylamide gel using 0.5× TBE (Tris/borate 45 mM, EDTA 1 mM) as the running buffer. The gels were dried, and the radioactivity was quantitated in a Phosphoimager 640 (Amersham Pharmacia Biotechnology).
Determination of IL-2
Cells (1.5×10 6 ) were preincubated in 1.5 ml medium in the absence or presence of 8.6 µM EC, 17.2 µM CT, or 17.2 µM DP-B for 6 h, added with PMA (100 ng/ml) and further incubated for 18 h. IL-2 released to the media was measured after separating the cells by centrifugation at 800g for 10 min. IL-2 was measured using the human-IL-2 ELISA assay following the manufacturer's protocols.
Western blot analysis
For the determination of IκBα, p50, and RelA, cells (20×10 6 cells) were collected and centrifuged at 800g for 10 min. The pellet was rinsed with PBS and resuspended in 200 µl of 50 mM HEPES buffer, pH 7.4, containing 150 mM NaCl, protease inhibitors, and 2% Igepal. The final concentration of the inhibitors was 0.5 mmol/l PMSF, 1 mg/l leupeptin, 1 mg/l pepstatin, 1.5 mg/l aprotinin, 2 mg/l bestatin, and 0.4 mM sodium pervanadate. Samples were exposed to one cycle of freezing and thawing, incubated at 4°C for 30 min, and centrifuged at 15,000g for 30 min. The supernatant was decanted, and the protein concentration was measured. For p-IκBα and p-IKKβ determinations, total fractions were obtained by incubation with SDS sample buffer (62.5 mM Tris-HCl, pH 6.8, 2% w/v SDS, 10% glycerol, 50 mM DTT, 0.01% w/v bromophenol blue) following the antibody manufacturer's protocols.
Aliquots of total and nuclear fractions containing 25-50 µg protein were separated by reducing 10-12.5% PAGE and were electroblotted to PVDF membranes. Molecular weight standards (Santa Cruz Biotechnology) were run simultaneously. For IκBα, p50, and RelA, membranes were blocked overnight in 5% nonfat milk and subsequently incubated in the presence of the corresponding antibodies (1:1000 dilution) for 90 min at 37°C. For p-IκBα and p-IKKβ, membranes were blocked with 5% nonfat milk for 1 h and incubated in the presence of the corresponding antibody (1:1000 dilution) in 5% BSA overnight at 4°C. After incubation, for 90 min at room temperature, in the presence of the secondary antibody (horseradish peroxidaseconjugated) (1:10,000 dilution), the conjugates were visualized by chemiluminescence detection in a Phosphoimager 640 (Amersham Pharmacia Biotechnology).
Determination of cell oxidants
Cell oxidant levels were evaluated using the DCDCDHF probe, which can cross the membrane, and after oxidation, is converted into a fluorescent compound. Cells (1×10 5 ) were preincubated in the absence or presence of 8.6 µM EC, 17.2 µM CT, or 17.2 µM DP-B for 24 h. Subsequently, cells were incubated with 100 ng/ml PMA for 2.5-30 min, centrifuged at 800g for 10 min, rinsed with warm PBS, and suspended in 200 µl of RPMI 1640 medium containing 10 µM DCDCDHF. After 30 min of incubation at 37°C, the media was removed and cells were rinsed with PBS and then incubated in 200 µl of PBS containing 0.1% Igepal. After a brief sonication and 30 min incubation with regular shaking, the fluorescence at 525 nm (λ exc : 475 nm) was measured. To evaluate DNA content, we added 50 µM propidium iodide to the samples. After incubating for 20 min at room temperature, the fluorescence (λ exc : 538, λ em : 590) was measured. Results are expressed as the ratio DCDCDHF/propidium iodide fluorescent.
Molecular modeling
Model building and energy calculations of DP-B were carried out with MacroModel 7.0 and BatchMin 7.0 (32) installed on a Silicon Graphics O2 workstation (R10000, 320 MB RAM, 54 GB hard disk) under the Irix 6.5 operating system. The MM2* force field (the version of Allinger's MM2 force field as implemented in MacroModel) was used. By default, atomic partial charges were calculated from data in the molecular mechanics force field, which also uses distance-dependent dielectric electrostatics instead of the standard dipole-dipole electrostatics. The conformational search of DP-B was carried out following an optimized Monte Carlo protocol (33) , both in vacuo and in water, the latter according to the semianalytical solvation treatment GB/SA (34) . The electrostatic cut-off was set to 50 Å. For energy minimization, the conjugate gradient method was used, with a final gradient value of 0.05 kJ Å -1 mol -1 (0.01 kcal Å -1 mol -1 ) as the criterion for convergence. After 5000 Monte Carlo steps, the resulting set of conformers were fully minimized. Those non-enantiomeric structures lying within a 20 kJ.mol -1 window above the global minimum were compared. Spatial coordinates of NF-κB in complex with IgκB DNA (35) were taken from the Research Collaboratory for Structural Bioinformatics Protein Data Bank (PDB file 1VKX).
Statistical analysis
One-way ANOVA with subsequent post hoc comparisons by Scheffe were performed using Statview 512+ (Brainpower, Inc., Calabazas, CA). P < 0.05 was considered statistically significant. Values are given as means ± SE.
RESULTS

Variations in extracellular EC, CT, or DP-B concentrations affect their cellular content
To assess whether EC, CT, and DP-B accumulated in the cells and whether the DP-B was cleaved to monomers, we measured the cellular concentration of these flavonoids. After 24 h incubation with varying concentrations of EC, CT, or DP-B, the concentrations of EC, CT, and DP-B were measured in total cell fractions and in nuclear fractions. EC, CT, and DP-B accumulated in the cells in a dose-dependent manner ( Fig. 1) . At the same extracellular concentrations, significantly higher amounts (P<0.05) of cellular EC and CT were observed compared with DP-B. In the cells pretreated with DP-B, while the compound was transported inside the cell, negligible amounts of monomers were detected, suggesting that only minimal amounts of the DP-B were cleaved under the conditions used. A dose-dependent accumulation of EC and DP-B in the nuclear fraction was observed, whereas CT was undetectable under the present experimental conditions (Fig. 1) .
EC, CT, and DP-B inhibit NF-κB nuclear binding activity and IL-2 production
The DNA binding activity of NF-κB was measured by EMSA in nuclear extracts isolated from Jurkat cells pretreated without or with EC, CT, or DP-B for 24 h, and subsequently treated with 100 ng/ml PMA. The specificity of the NF-κB-DNA binding was assessed by competition with a 100-fold molar excess of unlabeled oligonucleotide containing the consensus sequence for either NF-κB or OCT-1 ( Fig. 2A) . The members of the Rel/NF-κB proteins present in the active NF-κB in Jurkat cells were characterized by an EMSA supershift assay ( Fig. 2A) . EC, CT, and DP-B inhibited, between 30 min and 4 h, PMA-induced NF-κB binding activity (data not shown). After 4 h exposure to PMA, a dose-response inhibition was observed for EC, CT, and DP-B. Figure 2B depicts the dose (1.7-17.2 µM)-dependent inhibition of NF-κB binding activity for the dimeric fraction. The lowest DNA binding activity was observed at concentrations of 8.6 µM EC, 17.2 µM CT, and 17.2 µM DP-B (65, 64, and 75% reduction, respectively), compared with that observed in control cells treated with PMA only (Fig. 2C ).
The inhibition of a PMA-induced increase in NF-κB DNA binding activity could result in a reduced transactivation of NF-κB-driven genes. The expression of IL-2 was evaluated by measuring the release of IL-2 to the media using an ELISA assay. IL-2 production by nonstimulated cells was below the level of detection; PMA stimulation resulted in a robust stimulation of IL-2 production. PMA-induced production of IL-2 protein levels was decreased by 53, 48, and 59% in the cells pretreated with 8.6 µM EC, 17.2 µM CT, and 17.2 µM DP-B, respectively, compared with IL-2 production in cells treated with PMA only (Fig. 3) .
EC, CT, and DP-B inhibit PMA-induced IκBα and IKKβ phosphorylation
To investigate at which steps EC, CT, and DP-B inhibit the NF-κB activation cascade, we measured the phosphorylation and concentration of the inhibitory peptide IκBα. One of the required steps in the activation of NF-κB is the phosphorylation and further degradation of the IκB peptides that prevent the translocation of the active NF-κB into the nucleus. IκBα concentration and phosphorylation were determined by Western blot in total cell fractions (Fig.  4A ). After addition of PMA, the phosphorylation of IκBα (measured as the ratio p-IκBα/IκBα) revealed a maximum value after 10 min of incubation, followed by a steady decrease for the following 230 min (Fig. 4B) . After 10 min incubation with PMA, the ratio p-IκBα/IκBα was 32, 28, and 31% lower in the cells preincubated with 8.6 µM EC, 17.2 µM CT, and 17.2 µM DP-B, respectively, compared with the cells incubated with PMA alone (Fig. 4C) .
Because the phosphorylation of IκBα was found to be inhibited with the flavonoids tested, we characterized an upstream event in the NF-κB activation cascade by measuring IKKβ phosphorylation. The kinetics of IKKβ phosphorylation showed a maximum value after 2.5 min of PMA addition (data not shown). In the cells pretreated with 17.2 µM DP-B, a 47% inhibition in IKKβ phosphorylation was observed after 2.5 min incubation with PMA, compared with the control group (Fig. 4A, 4C ). After 2.5 min incubation with PMA, IKKβ phosphorylation was inhibited by 8.6 µM EC and 17.2 µM CT (51 and 42%, respectively) (Fig. 4C) .
EC, CT, and DP-B prevents a PMA-induced increase in cell oxidants
One of the signals that leads to the activation of the NF-κB pathway is an increase in intracellular oxidants. To assess whether EC, CT, or DP-B could blunt PMA-induced NF-κB activation by acting as antioxidants, we tested the capacity of these compounds to prevent oxidative stress. After 2.5 min of incubating cells in the presence of PMA, an increase in cell oxidant levels, measured with the probe DCDCDHF, was observed. This increase was markedly inhibited in cells previously treated with 8.6 µM EC, 17.2 µM CT, and 17.2 µM DP-B for 24 h (Fig. 5 ) at all the times measured (2.5-30 min).
EC, CT, and DP-B partially act by blocking NF-κB binding to DNA
The concentrations of p50 and RelA (components of the active dimer) were measured by Western blot in the nuclear fractions after incubation with PMA. PMA induced a significant increase in RelA and p50 nuclear content. Figure 6A depicts the kinetics of p50 and RelA nuclear levels (0-4 h after PMA addition) in cells pretreated with DP-B. The concentration of p50 and RelA was higher (30 min to 4 h) in the cells treated with PMA compared with nonstimulated cells. Cells preincubated with DP-B for 24 h and treated with PMA had lower levels of p50 and Rel A after 30 min of PMA addition, reaching values similar to those observed for PMA after 4 h of incubation. Similar results were obtained for EC and CT (data not shown). After 4 h of PMA stimulation, no significant differences were observed in the nuclear concentrations of p50 or RelA in cells preincubated with EC, CT, or DP-B compared with the PMA group (Fig. 6B ).
Based on these results, we investigated whether the low nuclear binding of NF-κB to DNA found in the cells treated with EC, CT, or DP-B could be due to a direct inhibition of the binding of the active NF-κB to the κB sites. Nuclear fractions isolated from cells incubated in the absence of flavonoids and treated with PMA for 4 h were added during the binding reaction with variable concentrations of DP-B (0.1-100 nM) (Fig. 7A) (Fig. 7B) . DP-B did not affect the DNA binding of the transcription factors OCT-1 and CREB (Fig. 7C) .
DISCUSSION
In the present study, we investigated possible mechanisms involved in the inhibition of NF-κB by the monomeric flavan-3-ols, EC and CT, and a dimeric fraction DP-B isolated from cocoa. A first step was to investigate whether EC, CT, and DP-B were incorporated in Jurkat T cells and to characterize their distribution in cytosolic and nuclear fractions. We observed that the three compounds accumulate in the cells to a different extent: EC > CT > DP-B. Although there was a lower uptake of DP-B compared with EC and CT, the ratio for nuclear content/total cell content was 10 times higher in the cells treated for 24 h in the presence of DP-B compared with EC (0.355 and 0.036, respectively, at 17.2 µM added flavonoid). This indicates a selective accumulation of DP-B in the nuclei compared with the monomers.
Flavonoids have previously been shown to inhibit transcription factor NF-κB and the expression of NF-κB-regulated genes (36) . (-)-Epigallocatechin gallate, the major polyphenol in tea, inhibited in vitro and in vivo lipopolysaccharide-induced tumor necrosis factor α (TNF-α) secretion (37) . Pretreatment of RAW 264.7 cells for 2 h in the presence of 100 mM epigallocatechin gallate prevented lipopolysaccharide-induced increases in NF-κB nuclear binding activity (37) . Oroxylin A, a flavonoid isolated from Chinese herbs, inhibited NF-κB and the expression of two NF-κB-regulated genes, cyclooxygenase-2 and inducible nitric oxide synthase (38) . EC, CT, and dimers B1 and B2 (at 344 and 173 µM concentrations, for monomers and dimers, respectively) inhibited the interferon γ-induced expression of NF-κB-dependent genes in RAW 264.7 macrophages (23). All of these compounds markedly inhibited the secretion of TNF-α, whereas the monomers, and to a lesser extent the dimers, inhibited the expression of an NF-κB-driven luciferase reporter gene (23) . In line with these results, we observed a significant inhibition (48-59%) of PMA-induced IL-2 secretion at concentrations as low as 8.6 and 17.2 µM monomer and dimer, respectively. Treatment with EC, CT, and DP-B also resulted in the inhibition of the constitutive NF-κB binding activity (data not shown).
The inhibitory peptide IκBα (one member of the inhibitory IκB proteins) binds to NF-κB and prevents the translocation of the active NF-κB to the nuclei and its binding to DNA. During NF-κB activation, IκBα is phosphorylated by the serine-specific IKK, with posterior ubiquitinization and degradation of IκBα by the proteasome (20) . We observed a lower ratio of p-IκBα/IκBα after 10 min incubation with PMA in cells preincubated with EC, CT, and DP-B compared with control cells. The upstream step, the phosphorylation of IKK, is activated by PMA via IKKβ (39, 40) . The concentration of p-IKKβ after 2.5 min incubation with PMA was lower in the cells pretreated with EC, CT, or DP-B than in controls. These observations indicate that these flavonoids partially inhibit PMA-induced NF-κB activation by preventing IKKβ phosphorylation. In agreement with our results, the flavonoid silibinin has been shown to inhibit constitutive IKKα in intact DU145 prostate carcinoma cells, as well as through a direct inhibition of immunoprecipitated IKKα (41) . Furthermore, it has been reported that some tea polyphenols can inhibit the proteasome activity with consequent accumulation of IκBα protein (42) . Inhibition of the early steps in the NF-κB activation cascade could be partially mediated by the well-described antioxidant action of EC, CT, and DP-B (13), because we observed that these flavonoids inhibited PMA-induced increase in the steady-state level of cell oxidants. Oxygen and nitrogen active species and changes in cell thiol redox state have been shown to activate NF-κB in different primary cell cultures and cell lines (See refs 16 and 43-47 for reviews). For example, in primary human chondrocytes, IL-1β induced NO production and activated NF-κB (48). Epigallocatechin-3-gallate diminished NO cellular concentrations and the expression of NF-κB-target genes (48) . Similarly, in RAW 264.7 macrophages stimulated with interferon-γ, different flavonoids inhibited NO production and NF-κB-dependent transcriptional activity (23) . However, other mechanisms of action, such as a direct effect of EC, CT, and DP-B on IKK, could also be operating.
After 4 h incubation with PMA, the ratio p-IkBα/IkBα was similar in cells pretreated or not with EC, CT, or DP-B, and similar p50 and RelA nuclear concentrations were observed. However, a lower NF-κB nuclear binding activity was found in the cells pretreated with EC, CT, and DP-B. This finding, and the observed accumulation of EC and DP-B in the nuclei, led us to propose that these flavonoids have the capacity to interact with the active NF-κB, preventing its binding to the κB site. Supporting this hypothesis we observed that the addition of EC, CT, and DP-B, in nanomolar concentrations, to nuclear fractions isolated from PMA-stimulated cells resulted in a dose-dependent inhibition of NF-κB binding to its consensus sequence. DP-B, at 0.1 nM, resulted in a 51% inhibition in NF-κB binding. Under similar experimental conditions, DP-B did not affect the DNA binding of transcription factors OCT-1 and CREB, indicating a selective effect of DP-B on the binding of NF-κB to its DNA consensus sequence.
Based on the above findings, a molecular model of how DP-B might interact with NF-κB proteins was constructed using MacroModel 7.0 (32). The procedures used were the following: (i) Conformational searches in vacuo and in water carried out with an optimized Monte Carlo procedure (33) produced a very similar ensemble of conformers where a common structure predominates (see below); (ii) fitting of the minimum energy conformer found at the previous step onto the base-specific binding residues (Arg 54 and Arg 56 of p50, and Arg 33 and Arg 35 of RelA) of NF-κB (PDB entry 1VKX) was achieved by manual docking.
A molecular model of DP-B was initially constructed using the model-building facility implemented in MacroModel. Coordinates of this structure were later used as input for BatchMin, the calculation module of this program. To search the conformational space available to this compound, an optimized Monte Carlo procedure was run, which allows free rotation around dihedral angles that constitute the major determinants of the structure, that is, φ1, φ2, and φ3 for DP-B (Fig. 8A) . Values for these angles in the conformer corresponding to the global minimum are listed in the legend to Figure 8 , and a graphical rendering is shown in Figure 8B . This represents a folded structure where ring B' stacks onto ring A, orienting the hydroxyl groups toward the same edge of the molecule. Moreover, the polar atoms of DP-B are favorably placed for giving rise to a similar hydrogen bonding pattern to that observed in the complex (Fig. 9) . Overall, in both cases, DP-B seems to behave as a very reasonable mimic of the guanine pairs. To a lesser extent, this situation could be extended to EC and CT, both compounds sharing the same hydrogen bonding group distribution critical for binding but lacking the covalent bridge present in DP-B.
A molecular surface representation of NF-κB colored by the electrostatic potential is depicted in Figure 10 . Onto this surface the putative binding sites for DP-B are shown. Two molecules of DP-B were docked in place of the two pairs of consecutive guanines present in the κB-DNA recognition sequence. The following consistency tests were adopted to validate the model (49): (i) Translation of the ligand to a large distance (100 Å) away from the binding site produces an increase in excess of 120 kJ.mol -1 in the calculated energy of the ligand-protein pair; (ii) there is hardly any spatial overlap between DP-B and the amino acid residues involved in the interaction, as evaluated by measuring the volume common to both (~1%). Furthermore, this model shows that the interaction between DP-B and NF-κB is possible simultaneously at the two sites where the two Arg pairs occur, that is, no steric hindrance between the ligands takes place.
The crystal structure of NF-κB bound to DNA (35) shows the presence of two consecutive guanines in the κB site that are essential for the base-specific binding in both p50 and RelA of the active NF-κB to its cognate sequence. Arg 54 and Arg 56 of p50 as well as Arg 33 and Arg 35 of RelA are the residues interacting with the guanines -4 and -3 as well as +3 and +4, respectively (35) . The global minimum energy conformer of DP-B is proposed here as a mimic for the guanine-guanine pair. Consistently, none of the two other transcription factors tested (OCT-1 and CREB) presents two consecutive guanines in their DNA consensus motifs. Because both pairs of Arg present in p50 and RelA are essential for the base-specific contact, binding of DP-B to these residues would prevent its interaction with DNA. To further characterize the binding mechanisms, molecular dynamics of DP-B bound to NF-κB and in vitro competition experiments are needed to further confirm this hypothesis.
The present work demonstrates that the previously observed inhibition of IL-2 and IL-1β production by cocoa procyanidins can be attributed in part to inhibition of the NF-κB activation cascade (24, 25) . T-cell activation is an important step in the initiation of the immunological response. Normally, T cells do not contain constitutive levels of IL-2 (50). However, stimulation of T cells by PMA activates a cascade of signaling events, including the up-regulation of transcription factors, such as NF-κB and NF-AT, all leading to the transcription and secretion of IL-2 (51, 52). Thus, regulation of IL-2 at the level of transcription is critically involved in the control of T-cell expansion and in the normal immune response (50, 53) . In this context, the regulation of NF-κB by the flavan-3-ols, EC and CT, and DP-B may contribute to the reported anti-inflammatory and immunomodulatory actions proposed for these compounds.
Note that the flavonol and dimer concentrations used in this study represent physiological concentration for the oral cavity and gut (53) . Similarily, the monomer concentrations used are reflective of concentrations reported for blood. Although the dimer concentrations used are higher than those typically found in blood after the consumption of flavonoid-rich foods, these concentrations could theorically be approached if the dimer were given as a pharmaceutical.
In summary, the flavanols, EC and CT, and the B-type dimeric oligomers can regulate the immune response in part by modulating the oxidant-responsive transcription factor NF-κB. This modulation can occur at the early steps of the NF-κB activation cascade, that is, regulation of oxidant levels, IKK activation, and subsequent IκBα phosphorylation, and at later stages, through a direct interaction of EC, CT, and DP-B with NF-κB proteins inhibiting the binding of active NF-κB to κB sites. 
